Hepatic artery ligation is used for the palliation of patients with malignant liver tumours. Collaterals are developed rapidly and could to some extent explain why the growth is affected for only a short period. With intermittent dearterialization, collaterals seem to be avoided and possibly a more extended effect should be expected. The most efficient period of dearterialization to avoid collaterals was studied in this experiment. Five groups of rats were treated with daily repeated transient dearterializations for 0 (n 3), 60 (n 6), 120 (n 6), 180 (n 6) and 240 minutes (n 6) respectively for 5 days and compared to another group (n 3) that was permanently dearterialized. After treatment, celiac angiograms were obtained. All hepatic arteries were reliably occluded and patent after 5 days of daily blockades in all but two rats. There were no collaterals demonstrable on the angiograms in the first four groups after 5 days of intermittent obstruction of the arterial blood flow to the liver. After 240 minutes of dearterialization as well as after collaterals developed and were clearly demonstrated on the angiograms after six days. Liver enzymes were normal even after 4 hours of dearterialization. Repeated occlusions of the hepatic artery was reliably achieved with the implantable minioccluder. Repeated, transient dearterializations for 1, 2 or 3 hours could be performed without development of collaterals and without damage to the liver.
INTRODUCTION
Hepatic artery ligation or dearterialization has been used for palliative treatment of patients with liver tumours since the sixties 1-3. However, collaterals are rapidly developed and the effect on the tumour is only short lasting. They may appear within 4 days 4 and have been observed as early as 4 hours after ligation of the proper hepatic artery5. Using an implantable occluder, daily transient dearterializations was made possible for an extended period of time and shown to prevent the formation of collaterals6. Its use in patients with liver tumours has revealed some beneficial effects7'8. The rationale behind repeated intermittent dearterializations is to reduce the arterial blood supply to liver tumour without giving rise to a collateral circulation and to decrease the damage to the normal liver.
The swiftness with which collaterals will develop depends on the duration of the arterial obstruction. The extent and timing of collateral formation after different periods of intermittent blockade of the hepatic arterial circulation have not been studied in a systematic way. We, therefore, wanted to investigate for how long the liver of a rat could be dearterialized repeatedly before collaterals would start to develop and also to measure the extent of liver damage after intermittent arterial ischemia.
MATERIAL AND METHODS
The minioccluder (Figure 1 ) was made of a strip of silicone rubber sheeting (0.007 inch thick. Dow Corning, Michigan, USA) and a microballoon (Nolato, Sweden) connected to silicone tubing (0.012 ID 0.025 OD inch. Dow Corning, Michigan, USA). The two free ends of the silicone rubber sheeting with the microballoon centered on it could be sewn together around the hepatic artery to form a ring with the required diameter, inside which the hepatic artery was occluded for a selected period. The silicone tubing from the microballoon was led out subcutaneously and fixed behind the neck of the rats where it was easily accessed. Dearterialization was achieved by the injection of about 0.08-0.1 ml saline and clamping the free end of the tubing for the desired time interval.
Thirty Sprague-Dawley rats of either sex weighing 200-300 grams were used and housed three per cage and fed standard laboratory food pellets and water ad libitum. Under ether anaesthesia the abdomen was explored through a midline incision, the liver attachments as well as the lesser omentum were dissected and all potential affluent collaterals to the liver were carefully ligated including the gastroduodenal vein, the esophageal branch and the right gastric artery. The proper hepatic artery was freed from the portal vein. The minioccluder was placed around the hepatic artery and the silicone tubing led out as mentioned above.
The animals were then randomly divided into four groups and the hepatic artery was blocked for A: (n 6) 1 hour; B: (n 6) 2 hours; C: (n 6) 3 hours; D: (n 6) 4 hours after reperfusion in each group.
RESULTS
All the rats tolerated the occlusions well which were performed in awake animals. Although they appeared disturbed at first when the balloon was inflated or deflated, they moved around in the cage and ate and drank normally. All the occluders worked well and the hepatic artery was reliably occluded immediately the balloon was inflated (Table 1 ). All hepatic arteries were patent in the first four groups ( Figure 2 ) and blood flow restored immediately after deflation except in two Figure 1 A. The minioccluder is made of a strip of silicone rubber sheeting and a microballoon connected to a silicone tubing; The two free sleeves of silicone rubber sheeting have been sewn together to form a ring with the desired diameter (B) and the microballoon has been inflated with saline (C). 
